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Allergic conditions are prevalent equine diseases that can be diagnosed by 
clinical examination alone, but definitive diagnosis is more likely with laboratory 
testing. The ELISA Allercept© test was used to analyse the serum samples of 73 
horses with allergic diseases. Sixty-one horses (83.5%) had allergen-specific IgE 
levels ≥ 150 ELISA Units (EU), the cut-off defined by the assay. Fifty-four horses 
had allergic dermatitis (AD) with high IgE levels to Tyrophagus putrescentiae 
(51.9%), Rumex crispus (48.1%), Tabanus (46.3%) and Dermatophagoides farinae/ 
D. pteronyssinus (40.7%). Seven horses with recurrent airway obstruction (RAO) 
had a high prevalence of T. putrescentiae (85.7%), followed by that of Acarus si-
ro (57.1%) and D. farinae/D. pteronyssinus (57.1%). Horses affected with RAO 
had more positive reactions to mites (2.22 ± 0.84) than did horses with AD 
(1.51 ± 0.61, P < 0.05). A strong correlation of serum allergen-specific IgE level 
was found between Culex tarsalis and Stomoxys (r = 0.943) and between Dactylis 
glomerata and both Secale cereale (r = 0.79) and R. crispus (r = 0.696). These re-
sults indicate that among horses with allergic diseases in Spain, ELISA tests 
demonstrated a high prevalence of serum allergen-specific IgE in response to 
mites. Our study emphasises the importance of laboratory testing and updating al-
lergy panels to improve the likelihood of a definitive diagnosis and the identifica-
tion of allergens that should be included in allergic disease treatment. 
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Allergic diseases are common in horses worldwide, with a prevalence 
ranging from 0 to 74% depending on the area (Grevenhof et al., 2007; Wilkołek 
et al., 2014; Mueller et al., 2016). Atopic dermatitis is a genetically programmed 
hypersensitivity of the skin to environmental allergens that results in increased 
IgE production, whereas insect bite hypersensitivity (IBH) is a recurrent allergic 
skin disease caused mainly by Culicoides spp. (Scott and Miller, 2011; Schaf-
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fartzik et al., 2012). These diseases are difficult to distinguish clinically, and vet-
erinarians make most diagnoses after obtaining a complete medical history and 
performing a clinical examination. Intradermal skin tests with multiple (i.e., up 
to 61) allergens, usually performed on the neck, can further identify specific 
causal agents (Lorch et al., 2001b; Lebis et al., 2002; Morgan et al., 2007; Ren-
dle et al., 2010; Roberts et al., 2014). However, this technique can be problemat-
ic because the animal needs to be sedated and interpretation of the results can be 
difficult. In addition, false-positive reactions have been reported in healthy hors-
es without disease (Lorch et al., 2001a; Baxter and Vogelnest, 2008), which have 
irritant reactions and cross-reactions because of previous allergen exposure 
(Lebis et al., 2002; Scott and Miller, 2011). False-negative reactions can also re-
sult from low serum allergen concentrations or the concurrent administration of 
medications that inhibit IgE reactions. Recent improvements in ELISA tests have 
increased the detection accuracy of allergen-specific IgE levels (Roberts et al., 
2014; Wilkołek et al., 2014; Niedzwiedz et al., 2015). 
Equine allergic diseases have been studied in many European countries 
(Lebis et al., 2002; Grevenhof et al., 2007; Raskova and Citek et al., 2013; 
Wilkołek et al., 2014) and the United States (Lorch et al., 2001a) but not in 
Spain. Allergic diseases have recently emerged in both human and veterinary 
medicine, and dogs, cats and horses are becoming increasingly allergic to pollens 
(Mueller et al., 2016). Environmental allergens, including insects, differ between 
geographical areas, so local studies are required to identify the prevalence of 
aeroallergens and insect species implicated in horses with allergic diseases. The 
goal of this study was to identify the aeroallergens and insect-specific allergens 
associated with horses in Spain with allergic dermatitis (AD) or recurrent airway 
obstruction (RAO) based on a commercially available ELISA test for serum al-
lergen-specific IgE. 
 
Materials and methods 
Serum samples and inclusion criteria 
Informed consent was obtained from both horse owners and veterinarians. 
The study was carried out between summer 2013 and spring 2015. Serum sam-
ples from 73 horses with clinical signs of allergic disease were sent by Spanish 
veterinarians to the Animal Pathology Department, Veterinary Faculty, Zaragoza 
University, Spain. A routine haematological analysis that included red blood cell 
(RBC) and white blood cell (WBC) counts and haematocrit and haemoglobin de-
termination was performed for all horses. No difference in the haematological 
analysis results was observed, except for an increase in the eosinophil count in 
some animals. The inclusion criteria for RAO were exercise intolerance, la-
boured breathing at rest, and increased lung sounds with or without adventitious 
sounds on auscultation. Bronchoalveolar lavage was performed, and a neutrophil 
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concentration > 25% was indicative of RAO. The horses with pruritus were di-
agnosed with a dermatological protocol procedure that included the scraping of 
the lesions to detect mites and lice and trichogram and fungal culture on 
Sabouraud agar to detect dermatophytes. For horses with AD, the criteria were a 
history of seasonal pruritus and characteristic pruritic skin lesions around the 
mane or tail or on the body. The exclusion criteria for both groups included sys-
temic infection (fever, leukocytosis), external or internal parasites, and other 
chronic diseases. 
Determination of allergen-specific IgE 
Frozen serum samples were shipped on ice to Laboratorios Diavet (Lega-
nés, Madrid, Spain) to be tested. Allergen-specific IgE was analysed by a non-
competitive solid-phase ELISA with an Allercept© system that used a high-
affinity IgE receptor. The results were expressed in ELISA Units (EU) based on 
optical density values determined at 405 nm, with ≥ 150 EU considered positive, 
a cut-off determined by Heska AG (Fribourg, Switzerland). All samples were 
tested against 24 aeroallergens and six insects (Table 1). 
Statistical analysis 
Statistical analysis was performed using SPSS 22 software (IBM Corp., 
Armonk, USA). Horses were grouped based on their AD or RAO clinical diag-
nosis, age [i.e., young (≤ 6 years) or adult (> 6 years)], breed [i.e., Pura Raza Es-
pañola (PRE) or crossbreed], and sex (i.e., stallion, female, or gelding). The 
Kolmogorov–Smirnov test was used to evaluate the normal distribution of serum 
allergen-specific IgE. A non-parametric Mann–Whitney test was used to com-
pare AD or RAO allergen-specific IgE serum levels. Odds ratios (ORs) were 
used to assess the association of the horses within each group with groups of al-
lergens that were present or absent. The correlation between the serum allergen-
specific IgE levels was determined with a Spearman rank correlation test. The 




Of the samples from the 73 horses clinically diagnosed with AD or RAO, 
12 (16.5%) were negative for allergen-specific IgE (≤ 150 EU), and 61 (83.5%) 
were positive. Of these positive horses, 54 (88.5%) had a clinical diagnosis of 
AD, and seven (11.5%) had a clinical diagnosis of RAO. 
Table 1 shows the number and percentage of horses positive for each al-
lergen and the serum IgE levels in each case, with 70.5% of the horses testing 
positive for mites, mainly T. putrescentiae (55.7%). Serum allergen-specific IgE 
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in response to insects was also prevalent (67.2%), with specificity for Tabanus 
(44.3%) being the most frequent. Allergens to weeds were found in 49.2% of the 
horses, with Rumex crispus (45.9%) being the most prevalent. Twenty horses 
(32.8%) were positive for grass allergens, all showing allergens for Dactylis 
glomerata. Nine horses (14.8%) had serum allergens specific for trees. Only five 
serum samples (8.2%) were positive for allergens from the mould group. The 
odds ratio analysis showed that horses with RAO were 8.95 times more likely to 
be positive for A. siro (P = 0.016; 95% CI 1.6–48.7) than were horses with AD. 
No other association was found with either AD or RAO. 
Table 2 shows the number of positive reactions to different allergen groups. 
The mean number of mites that caused a positive reaction was significantly high-
er in RAO-affected horses than in AD-affected animals (P < 0.05). 
Allergic diseases were diagnosed most frequently in the spring (25 posi-
tive horses, 41%), followed by autumn (19 horses, 31.1%) and summer (17 hors-
es, 27.9%). Twenty-four mares (39.3%), 10 stallions (16.4%) and 27 geldings 
(44.3%) were used in this study. No significant association was observed with 
sex (P > 0.05). More adult horses (40, 65.6%) than young horses (21, 34.4%) 
were included in the study. The young animals were 3.71 times more likely to 
have an allergic reaction to R. crispus pollen (P = 0.03; 95% CI 1.22–11.3) than 
were the adults. PRE was the main pure breed represented (20 horses, 32.8%) 
and was 3.22 times more likely to respond to R. crispus (P = 0.036; 95% CI 
1.05–9.8) than were the other breeds. 
Table 3 shows that the correlation between the serum levels of allergen-
specific IgE in response to insects was high, and the correlation found between 
the serum levels of Culex tarsalis and Stomoxys was the strongest. The correla-
tions between the environmental allergens were lower, and only D. glomerata 
was positively correlated with S. cereale (r = 0.79, p = 0.008), R. crispus (r = 
0.696, p = 0.009) and T. putrescentiae (r = 0.798, P = 0.011). Only one significant 
correlation was found in the mite group between D. farinae/D. pteronyssinus and 




The Allercept© test has been widely used for allergy diagnosis and for 
comparative investigations with intradermal testing in horses with AD or RAO 
(Frey et al., 2008; Tahon et al., 2009; Roberts et al., 2014; Niedzwiedz et al., 
2015). Veterinarians need to identify to which allergens the horses are sensitive 
to perform hyposensitisation therapy against those allergens that are responsible. 
Immunotherapy is the present goal of treatments for allergic diseases (Scott and 
Miller, 2011; Schaffartzik et al., 2012), and most investigations are directed to-
wards that goal. 
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Table 1 
Number and frequency of positive results determined by Allercept© ELISA for serum allergen-specific IgE  





















Grasses 20 (32.8)     
Dactylis glomerata 20 (32.8) 18 (33.3) 541 (155–2161) 2 (28.6) 625 (597–654) 
Plehum pratense 3 (4.9) 3 (5.5) 238 (186–315) 0 (0) – 
Secale cereale 12 (19.6) 11 (20.3) 299 (151–558) 1 (14.3) 1103 (1103–1103) 
Weeds 30 (49.2)     
Artemisia vulgaris 0 (0) 0 (0) – 0 (0) – 
Chenopodium spp 3 (4.9) 3 (5.5) 402 (152–680) 0 (0) – 
Plantago lanceolata 9 (14.8) 8 (14.8) 272 (156–526) 1 (14.3) 161 (161-161) 
Urtica dioica 2 (3.3) 2 (3.7) 167 (162–173) 0 (0) – 
Rumex crispus 28 (45.9) 26 (48.1) 603 (152–2314) 2 (28.6) 238 (172–304) 
Trees 9 (14.8)     
Betula alba 4 (6.6) 4 (7.4) 202 (160–243) 0 (0) – 
Salix caprea 4 (6.6) 4 (7.4) 234 (204–269) 0 (0) – 
Corylus spp 3 (4.9) 3 (5.5) 194 (161–224) 0 (0) – 
Fagus sylvatica 5 (8.2) 5 (9.3) 251 (185–369) 0 (0) – 
Moulds 5 (8.2)     
Alternaria alternata 2 (3.4) 2 (3.7) 186 (167–205) 0 (0) – 
Aspergillus fumigatus 0 (0) 0 (0) – 0 (0) – 
Cladosporium herbarum 0 (0) 0 (0) – 0 (0) – 
Epicoccum nigrum 0 (0) 0 (0) – 0 (0) – 
Helmintosporium halodes 0 (0) 0 (0) – 0 (0) – 
Penicillium notatum 1 (1.6) 1 (1.9) 191 (191–191) 0 (0) – 
Fusarium culmorum 0 (0) 0 (0) – 0 (0) – 
Ustilago tritici 1 (1.6) 1 (1.9) 238 (238–238) 0 (0) – 
Rhizopus nigricans 1 (1.6) 1 (1.9) 155 (155–155) 0 (0) – 
Mites 43 (70.5)     
Acarus siro 11 (18) 7 (13) 307 (165–481) 4 (57.1) 265 (165–491) 
D. farinae/D. pteronyssinus 26 (42.6) 22 (40.7) 322 (153–1515) 4 (57.1) 366 (169–778) 
Tyrophagus putrescentiae 34 (55.7) 28 (51.9) 483 (155–3165) 6 (85.7) 648 (198–1285) 
Insects 41 (67.2)     
Simulium spp. 12 (19.7) 10 (19) 298 (156–639) 2 (28.6) 336 (240–433) 
Culex tarsalis 22 (36) 20 (37) 280 (152–732) 2 (28.6) 393 (266–521) 
Tabanus 27 (44.3) 25 (46.3) 395 (154–2420) 2 (28.6) 414 (167–662) 
Stomoxys 10 (16.4) 9 (16.7) 303 (160–627) 1 (14.3) 352 (352–352) 
Culicoides spp. 22 (36) 20 (37) 315 (151–1180) 2 (28.6) 290 (261–320) 
Blatella germanica 14 (23) 13 (24) 287 (164–751) 1 (14.3) 242 (242–242) 
Dermatophagoides farinae/Dermatophagoides pteronyssinus = D. farinae/D. pteronyssinus;  
Mean values and ranges in serum IgE are expressed in ELISA Units (EU) 
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Table 2 
Number of positive reactions in each group of allergens in 61 horses with allergic dermatitis (AD) 
and recurrent airway obstruction (RAO) by Allercept© ELISA 
 AD RAO P value 
Grasses 1.78 ± 0.73 1.5 ± 0.71 0.659 
Weeds 1.53 ± 0.74 1.5 ± 0.71 0.739 
Trees 1.78 ± 1.09 – 0.999 
Moulds 1.0 ± 0.0 – 0.999 
Mites 1.51 ± 0.61 2.33 ± 0.82 0.029 
Aeroallergens 3.24 ± 2.25 3.33 ± 1.03 0.465 
Insects 2.62 ± 1.4 2 ± 2.35 0.188 
All allergens 4.56 ± 2.87 4.28 ± 3.15 0.579 
Aeroallergens are sum of grasses, weeds, trees, moulds and mites.  
Data are expressed as means ± standard deviation (SD) 
Table 3 
Correlation between serum allergen-specific IgE levels (≥ 150 EU) and insects of the Allercept© 
ELISA panel 
 Simulium Culex  tarsalis Tabanus Stomoxys Culicoides 
Blatella  
germanica 
Simulium 1      
Culex tarsalis 0.717 
0.042 

































Pearson’s correlation coefficient (r) and statistical significance (P value) are shown 
 
The results showed that 12 horses were negative for allergen-specific IgE. 
Probably, as it occurs in humans and dogs, some horses may present clinical 
signs of atopy without having serum levels of allergen-specific IgE (Mueller et 
al., 2016, 2018). In these negative cases where horses presented clinical signs of 
atopic dermatitis, we could consider these conditions to be ‘intrinsic atopy’ or 
‘atopic-like dermatitis’, as has been described in dogs and humans. In other 
words, the horses could be positive for other allergens not included in the equine 
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allergy panel used in Spain at present. Additionally, the turnover of serum IgE is 
very quick (Morgan et al., 2007) and this may explain why some animals are not 
detected as positive. 
The majority of studies on the prevalence of allergic diseases have been 
conducted on IBH because it is the main cutaneous allergy diagnosed in horses. 
For instance, in a study conducted in the Czech Republic, Raskova and Citek 
(2013) found a 28% incidence in the offspring based on the occurrence of typical 
skin lesions seen by veterinarians. In some areas of the Netherlands, Grevenhof 
et al. (2007) found the prevalence of IBH to be 71.4%. However, such research 
may overestimate the incidence of allergic diseases. IBH can be misdiagnosed as 
atopy because these two conditions may be indistinguishable clinically or may 
occur in the same animal (Rendle et al., 2010; Scott and Miller, 2011). In some 
cases, horses diagnosed with IBH may be hypersensitive to other allergens as 
well as to other insects (Rendle et al., 2010; Schaffartzik et al., 2012). Geograph-
ic areas that have different vegetation, climate, latitude and altitude can also 
complicate the comparisons of allergens and insects with other studies performed 
in northern Europe or the United States. In our study, the majority of horses 
came from southern Spain, which has a Mediterranean climate and whose plants 
and insects differ from those in northern Europe. In the Mediterranean area, pol-
lens from trees such as olive, cypress and holm oak, which cause noteworthy al-
lergic reactions in humans, are predominant (D’Amato et al., 2007), and we be-
lieve that this class of allergens should be included in the allergy panel for the 
Mediterranean area. 
In our study, no significant reaction to tree pollens and moulds was found, 
which was similar to the results obtained in other European countries. For exam-
ple, only 2% of horses have been shown to be positive for mixed moulds in 
southern England (Rendle et al., 2010); in Poland, Niedzwiedz et al. (2015) 
found no serum allergen-specific IgE to moulds in seven RAO-affected horses. 
The composition of the allergen can cause errors because the crude allergen 
preparations used in the ELISA (Morgan et al., 2007) compete with the IgG anti-
bodies and induce false-positive results. However, a more recent paper 
(Niedzwiedz et al., 2015) has reported that the serum allergen-specific IgE levels 
in RAO-affected horses can be used to identify the cause of sensitivity in suscep-
tible horses using an Allercept© analysis, as we did in our study, with similar re-
sults. Nevertheless, if veterinarians take a complete history and perform a de-
tailed clinical examination for making a tentative diagnosis, the specificity of 
FcεR1α-based ELISA may be useful for documenting the lack of hypersensitivi-
ty to a selected allergen group (Lorch et al., 2001a). 
In our study, RAO-affected horses had more positive reactions to mites 
than did AD-affected horses. Lorch et al. (2001b) found positive intradermal re-
actions to three or more allergens, while Rendle et al. (2010) reported a mean of 
5.8 positive reactions in horses with atopic dermatitis. This high number of posi-
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tive reactions may be due to cross-reactions among different allergen types, simi-
lar to those observed between mites and other allergens (Saridomichelakis et al., 
2008). The high prevalence of mite allergens found in this work and in other 
studies (Tahon et al., 2009; Wilkołek et al., 2014; Niedzwiedz et al., 2015) using 
allergen-specific IgE may be due to the pellets and grains used in horse feed that 
contain large amounts of forage mites (Tahon et al., 2009). A high infestation by 
Tyrophagus and Acarus has been demonstrated in the microenvironment of indi-
vidual horse stalls, in straw bedding used indoors and in round hay bales (Rob-
erts et al., 2014). The horses in our study generally had straw bedding and were 
given pelleted feed, so they most likely had early, ongoing contact with the 
mites, which placed them at risk of developing subclinical disease because of the 
frequent exposure. 
RAO is caused by exposure to airborne organic dust containing many dif-
ferent agents, and A. fumigatus has been shown to be an important aetiological 
agent (Rendle et al., 2010; Mueller et al., 2016, 2018). However, in our study no 
allergen-specific IgE to moulds was detected by ELISA, in contrast with other 
studies (Frey et al., 2008; Tahon et al., 2009; Niedzwiedz et al., 2015). Fungal 
spores need high temperatures and humidity, which increase the total pollen and 
mould counts. Wet weather with a high concentration of fungal spores is not as 
common in southern Spain as in other biogeographic regions in Europe (D’Amato 
et al., 2007). These results also indicate differences in horse husbandry and man-
agement because high serum IgE levels in response to moulds have been ob-
served in stabled horses in northern Europe (Eder et al., 2001). Because southern 
Spain has year-round warm weather, horses here spend most of their time out-
doors with presumably less contact with fungal spores. The lack of positive re-
sults for most moulds found in our and other studies (Frey et al., 2008; Tahon et 
al., 2009; Niedzwiedz et al., 2015) and the strong correlation found between se-
rum allergen-specific IgE levels and fungal species (Eder et al., 2000) suggest 
that the equine allergy panel might be modified to reduce the number of mould 
allergens. 
In our study, young horses and PRE horses were more likely to be allergic 
to the R. crispus allergen than other horses. These results are most likely due to 
the wide distribution of R. crispus and the predominance of PRE as the local 
breed in the southern Iberian Peninsula. The wide variety of horse breeds and 
crossbreeds in different reports (Wilkołek et al., 2014) and the differences in an-
imal management and environmental conditions (Eder et al., 2001; Grevenhof et 
al., 2007) probably complicate the influence of breed on equine allergic diseases. 
The pollen season and insect activity begin in the spring when, as in Spain 
(García-Mozo et al., 2010), the rainfall is higher, correlating with the majority of 
positive results found in our study. Similar distribution patterns have been re-
ported in other studies (Baxter and Vogelnest, 2008; Wilkołek et al., 2014). The-
se results probably reflect the quick turnover of serum IgE (Morgan et al., 2007) 
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and the lack of exposure and sensitisation of the horses’ immune system because 
southern Spain does not experience a winter pollen season (García-Mozo et al., 
2010). 
The reaction to Simulium observed in the IBH-affected horses was at-
tributed to cross-reactivity with Culicoides, both of which express similar aller-
genic proteins (Schaffartzik et al., 2012; Mueller et al., 2016). The strong posi-
tive correlation found in serum allergen-specific IgE in the present study was al-
so observed by Eder et al. (2000) in horses affected with chronic bronchitis 
caused by moulds and storage mites. These results show that a high cross-
reactivity between insects, mites and some aeroallergens is possible, probably 
due to subclinical sensitisation and the high presence of insects and Acari fauna 
in stables (Roberts et al., 2014). To confirm this hypothesis, further studies are 
needed to investigate the cross-reactivity among the different allergens included 
in the equine allergy panel. 
In conclusion, our findings indicate that in horses in Spain, there is a 
strong correlation between AD and positive serum allergen-specific IgE levels in 
response to storage mites and insects, as well as between RAO and positive se-
rum allergen-specific IgE levels to storage mites. Furthermore, the strong corre-
lation between serum allergen-specific IgE levels in response to insects and the 
low level or complete lack of serum allergen-specific IgE in response to moulds 
suggest that equine allergy panels in Mediterranean areas could be modified to 
include only the most prevalent allergens in equine allergic diseases. However, 
because the population used in our study was small, further studies using healthy 
and allergic horses are needed to evaluate whether the equine allergy panel is ad-
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